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ABSTRACT 


An auxotrophic strain of Neurospora crassa ( UA119), 
isolated after nitrous acid treatment of conidia, was earlier 
reported to be mutant at the tryp-3 locus. Analysis of the 
crosses between UA119 and fluffy show the location of the 
"tryptophan" mutation on the linkage group I, in the vicinity 
Orasex, The allelic nature of the mutation in UA119 with 

two previously described phen-1l mutants is confirmed by the 
low frequency of prototrophs in the progeny of crosses with 
the latter and by the nutritional characteristics of UA119 
(any one of the aromatic amino acids or leucine or ethyl 
acetoacetate is required for growth by phen-1 mutants). 

The viability of ascospores from "inter-allelic" crosses 

is low (15-20%) and ascospore isolates with modified nutri- 
tional characteristics such as inability to grow on phenyl- 
alanine-supplemented medium or a specific requirement for 
leucine, are freguent. Genetic instability and leakiness 
aeeeciaracceristics exhibited by all the three phen-1 mutants 
but the frequency of phenotypic reversions in UA119 is very 
high «(approx. 10 prototrophs/10° Viable conidia; colonies 
larger than 2 mm. on sorbose-agar medium after 3 days at 30 C. 
counted). The viability of conidia of the phen-1 mutants 

is reduced to 20% or less by L-phenylalanine, L-leucine or 
ethyl acetoacetate in sorbose-agar medium, whereas on 
L-tryptophan- or L-tyrosine-supplemented medium the viability 
ranges from 40 to 60 percent. The reasons for the apparent 
scarcity of phen-1 mutants are discussed and it is suggested 


that ethyl acetoacetate is the best selective compound for the 
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isolation of phen-l mutants. Various hypotheses with respect 
to the nature and the primary role of the mutant phen-1l 

gene are considered and it is suggested that the activity 

of a transaminase involved in the metabolism of phenyl- 
alanine, tyrosine and leucine might be altered as a result 


of mutation at the phen-1 locus. 
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INTRODUCTION 

Genetic control of specific biochemical reactions was 
recognized by Garrod (1909) in his studies of "inborn errors 
of metabolism." Later studies of genetic control of anthocya- 
nins in plants and the eye pigments in Drosophila also suggested 
that genes might act by regulation of specific reactions in a 
living organism (Beadle, 1959). It was, however, the recogni- 
tion of Neurospora crassa as a suitable organism for induction 
of nutritional mutations as well as for genetic studies (already 
demonstrated by Dodge and Lindegren) which made it possible for 
Beadle and Tatum (1941) to show that mutation ina single gene 
could stop the biosynthesis of an essential compound. Isolation 
and study of numerous nutritional mutants in Neurospora (Beadle, 
1945) and the application of the mutational technique to bacteria 
(Tatum, 1946) strengthened the concept that a gene determined 
the synthesis of an enzyme which catalyzed a specific biochemical 
reaction. Mitchell and Lein (1948) were able to show that a 
mutant of Neurospora unable to synthesize tryptophan was defi- 
cient in the activity of an essential enzyme. Studies of several 
mutants unable to synthesize an essential compound also proved 
that several genes controlled the various steps of its biosyn- 
thetic pathway. Mutants of micro-organisms have helped to out- 
line, in more or less detail, the numerous metabolic pathways 
involved in the biosynthesis of essential compounds such as amino 
acids, nucleic acid bases and vitamins (Wagner and Mitchell,1964). 

Studies have shown that mutations in some genes result 
in the loss of activity of a single enzyme (Fincham, 1960). In 
many cases the mutation causes the production of altered enzyme 


molecules and these cases have given rise to the concept of the 
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structural gene - a genetic unit which carries the specificity 
for determinng the structure of a particular enzyme. The demon- 
stration that an enzyme may consist of separable and different 


polypeptide subunits, each specified by distinct regions of the 


genetic material (Yanofsky et al., 1961), has modified the earlier 
“one gene - one enzyme" hypothesis into the concept of "one gene - 
one polypeptide". In fact,the co-linearity of a gene with the 


polypeptide structure specified by it, has been demonstrated 
(yeanofsky et alt; 1964; Sarabhai et al., 1964). 

The synthesis and the activity of an enzyme is dependent 
not only upon the gene or genes which specify the structure of the 
component protein but also upon the activity of other genes and 
the nature of intracellular environment which again is partially 
genetically determined. The studies of genetic control of induc- 
tion and repression of enzyme synthesis in bacteria (Jacob and 
Monod, 1961) have given rise to another significant concept which 
recognizes a distinct class of genes termed the "regulatory genes". 
According to this concept, a regulatory gene does not specify the 
structure and properties of an enzyme but controls the rate of 
synthesis of enzyme molecules. The product of the regulatory gene, 
which may be a protein (Stent, 1964), in combination with some 
specific small molecule, alters the rate of synthesis of an enzyme 
or a group of enzymes. 

A mutation can lead to very complex phenotypic effects due 
to alteration of the metabolic pattern. Even in the case of a 
nutritional mutant exogenous supply of the deficient nutrient 
does not completely restore the premutation or "wild type" pheno- 
type. It is necessary to distinguish, if possible, the primary 


effects of a gene mutation from the numerous physiological and 
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morphological effects which may have resulted due to inter-rela- 
tionships of many metabolic pathways. These inter-relationships 
themselves, however, may be obscure or unknown till emphasized 
as a result of: mutations. 

Mutations in Neurospora crassa at the locus designated 
phen-1l on linkage group I (phen refers to phenylalanine) provide 
an interesting example of unsuspected metabolic relationships. 
These mutations are the subject of the present study. The charac- 
teristic of the phen-1l mutant strains is their ability to grow 
only in the presence of one of the aromatic amino acids or leucine 
or ethyl acetoacetate or a number of related substances. The nature 
and the mechanism of expression of the mutant gene are of interest 
because the biosynthetic pathways of the aromatic amino acids are 
quite separate from the biosynthetic pathway of leucine. 

The main purpose of the experiments reported in this 
thesis was to establish the genetic location of the mutation in 
a strain of Neurospora crassa. Though Leeuw (1963) reported it to 
be located at the tryp-3 locus on linkage group II, no actual data 
were supplied. As a (tryp-3" mutant it was of interest to the 
present author because of its high rate of apparent reversions and 
some response to indole supplement. In addition to the data which 
identifies the strain (designated as UA119) as a phen-1 mutant, 
the frequency of reversion in UA119 as compared to the frequencies 
in two other phen-1l strains (previously described by Barratt and 
Ogata, 1954) are also reported. The effect of different supple- 
ments on the viability of conidia of phen-1 mutants is described. 
The genetic nature and the hypotheses which may explain the nutri- 
tional characteristics of phen-1l mutants and their "modified" 


derivatives are discussed. 
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REVIEW OF LITERATURE 


1. Studies with phen-1 mutants 


Hungate and Mannell (1952), in an investigation of the 
mutagenic action of radioactive sulphur, obtained certain mutant 
strains of Neurospora Crassa which were found to grow when pro- 
vided with either leucine or some other amino acids. Two of 
these strains were later studied by Barratt and Ogata (1954). 

The latter authors tested a large number of compounds 
for growth-promoting activity using auxanographic methods. The 
compounds found to be most active were DL- or L-leucine, DL- 
norleucine, DL- or L-phenylalanine, phenylpyruvic acid, DL- or 
L-tyrosine, ethyl acetoacetate, L-tryptophan, f-indolepyruvic 
acid, indole and kynurenine. The following compounds were found 
to be less active than the above group but promoted some growth: 
DL-valine, DL-threonine, p-hydroxyphenylpyruvic acid, butyric 
acid, Q-keto butyric acid, D-leucine and Q-amino butyric acid. 
In addition DL-homoserine, dihydroxyisoleucine, caproic acid 
and DL-norvaline were found to be slightly stimulatory but 
Significantly less than the previously mentioned compounds. 
Quantitative growth tests were made in flask assays and growth 
tubes and it was found that on molar basis, phenylalanine was 
the most active compound followed in decreasing order of activity 
by tryptophan, tyrosine, leucine, norleucine and ethyl acetoace- 
tate. Barratt and Ogata (1954) found that the D- isomers of the 
amino acids were inactive by themselves but could be utilized 
in the presence of the corresponding L- isomers. The phen 
strain H6196 required essentially the same amounts of phenylala- 


nine or leucine as the standard strains known to be blocked in 
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phenylalanine or leucine synthesis. With limiting amounts of a 
Supplement, either in flasks or in growth tubes, the mycelial 
weight or the rate of growth respectively was found to be propor- 
tional to the amount of supplement. The growth factor require- 
ments for the phen strain were not eliminated by altering the 
level of trace elements, addition of a chelating agent or changes 
in the pH of the medium. It was found that isovaleric acid and 
homogentisic acid, (known to be intermediates between leucine or 
tyrosine and acetoacetic acid in ketogenesis in rat liver) were 
inactive in supporting the growth of phen strain of Neurospora. 
Barratt and Ogata (1954) in their conclusion proposed the hypo- 
thesis that a mutation in the phen locus results in the accumu- 
lation of some inhibitor, the action’ of which*is reversed by the 
growth-promoting compounds. 

Barratt and Ogata (1954) also determined the linkage 
relationships of the phen locus. The mutation in H6196 segre- 
gated as a single locus in crosses with wild-type (prototrophic) 
strains and it was located on the left arm of linkage group I, 
3.4 units from centromere and proximal to sex. Two other strains 
(H3791 and Y31032) were found to be probably mutant at the same 
locus on the basis of negative complementation tests with H6196 
and because of similar response to leucine, an aromatic amino 
acid or ethyl acetoacetate. The mutant locus in H3791 was found 
to be closely linked to sex and among 20 ascospores from a cross 
between H3791 and H6196 no prototrophs were found. 

The possibility that phenylalanine and leucine may be 
interconverted via acetoacetate was tested by Barratt, Fuller 
and Tanenbaum (1956) using DL-phenylalanine and DL-leucine, 


both labelled with radioactive carbon (Bposition). Only a small 
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percentage of the initial radioactivity was found in the respira- 
tory carbon dioxide. There was no significant difference between 
the radioactive distribution pattern among the amino acids from 
the phen strain (H6196) when compared with the leu-1 and arom 
strains also grown on equivalent amounts of the labelled supple- 
ment. In the phen strain endogenous synthesis of both phenylala- 
nine and leucine occurred irrespective of the compound supplied. 
The "80 percent ethanol" fraction from the phen strain mycelium 
contained two interesting ninhydrin-negative compounds when either 
phenylalanine or leucine was used as asupplement. These compounds 
were not present in the extracts of the wild type. The authors 
considered these unidentified compounds as normal intermediates 
in the catabolic pathways of these amino acids but suggested 
that these compounds may give a clue to the nature of some un- 
known compound required by phen strains. The changes in the amino 
acid composition of the mutant strain grown in minimal medium 
when compared with the wild type, are not known at present. 
Recently Newmeyer (1963) in a short note mentions the 
failure of many phen (H6196) isolates from certain crosses to 
grow well on phenylalanine-supplemented medium containing 
sucrose aS a carbon source. Although unable to grow on minimal 
medium, these isolates have an altered phenotype when compared 
to the parental phen strain; they respond slowly to phenylalanine 
but in leucine-supplemented medium they grow rapidly. The growth 
of these "slow" phen strains on ethyl acetoacetate is not impaired. 
Newmeyer finds that both "fast" and "slow" phen isolates grow 
equally well on phenylalanine-supplemented medium when sucrose 
is replaced by glycerol as a carbon source. She suggests that 


the difference between "fast" and "slow" phen isolates exists in 
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their relative sensitivity to sucrose. The genetic basis of 


the phenotypic modification has not been determined. 


2. Studies with other mutants in which the growth inhibition 


is relieved by more than one amino acid, 


Analysis of mutants which have a simultaneous requirement 
for a number of compounds, such as the aromatic mutants or the 
isoleucine - valine mutants, is interesting since these mutants 
indicate a common origin of the deficient compounds or a common 
enzyme system. Mutants, on the other hand, whose requirements 
are met by any one of a number of compounds indicate metabolic 
relationships which may not be obvious otherwise. Phen-1 muta- 
tion is an example of the latter type. A review of studies with 
other mutants, similar to phen-l1 mutants in so far as their 
growth is promoted by one of several compounds, is of interest 
since these studies point to the genetic and physiological as- 
pects which should be kept in view. 

(a) Proline - Arginine relationships in mutants of Neurospora 
crassa. 

The mutants called proline-2, proline-3 and proline-4 
(the latter two are also called arg-8 and arg-9 respectively) 
were found to be leaky i.e. they grew slowly on minimal medium 
(Mitchell and Mitchell,1952). The growth of these mutants, 
however, was stimulated by proline, arginine and arginine pre- 
cursors, ornithine and citrulline. Mitchell and Mitchell (1952) 
showed that a common suppressor mutation in combination with 
any of the non-allelic prol-2, prol-3 or prol-4 alleviated the 


proline requirement. The work of Vogel and coworkers (see Vogel, 
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1955) has shown that exogenous ornithine is readily converted to 
proline. It was found that endogenous ornithine did not con- 
tribute to the synthesis of proline. Though glutamic YY -semi- 
aldehyde is a common precursor for proline and arginine, physical 
separationof pathways for proline and for arginine synthesis 
was indicated (Vogel 1955). It was suggested that glutamic 
Y -semialdehyde aS a precursor for ornithine synthesis is 

not available for proline formation. However, when exogenous 
ornithine is available, it is converted to glutamic Y -semi- 
aldehyde which is utilized for proline biosynthesis. The studies 
of Vogel and Kopac (1959) supported the earlier view of Vogel 
(1955) that the pathways of proline and arginine biosynthesis 
are physically separated. Moreover, Vogel and Kopac (1959) 
obtained evidence that a proline-requiring strain (35401) in 
addition could utilize pentahomoserine ( Q-amino-§- hydroxyval- 
eric acid) and Q-keto-§-amino-valeric acid for the synthesis 
of proline, though these compounds are not involved in the normal 
route of proline formation (via glutamic acid and glutamic Y- 
semialdehyde). Similar relationships between proline and orni- 
thine have been found in Escherichia coli and Torulopsis utilis 
(Vogel 1955). 

Davis and Thwaites (1963) have shown that the strains 
which carry the suppressor mutation (called S or arg-12) are 
low in the activity of the enzyme Ornithine Transcarbamylase. 
The suppressor locus was found to be the structural gene for 
this enzyme. Davis (1962) explained the action of this suppressor 
mutation which relieves the proline requirement (the same suppres- 
sor also relieves the pyrimidine requirement created by certain 


mutations for the pyrimidine pathway) by assuming that since it 
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reduces the rate of utilization of ornithine, adequate glutamic 
X -semialdehyde is made available for the formation of proline. 
The role of arginine and citrulline in removing proline requirement 
in these strains may be explained on the basis of the ornithine 
cycle operational in Neurospora crassa as shown by Srb and Horowitz 
(1944). The fact that glutamic ‘Y-semialdehyde is a common 
precursor for proline and arginine synthesis, suggests that arginine 
could also possibly act by feedback inhibition and repression of 
the enzyme systems involved in the arginine pathway and thus allow 
glutamic YX -semialdehyde to be available for proline biosynthesis. 
The role of feedback inhibition and repression by the end product 
has become very significant in the regulation of metabolic pathways 
in micro-organisms (Umbarger, 1961; Vogel 1961). 
(bo) Threonine-Isoleucine relationship in a mutant of Neurospora crassa 

The mutant thr-1 (46003) is able to make appreciable growth 
in the absence of added metabolites. For vigorous growth, however, 
it needs any one of the following compounds: threonine, homoserine, 
Q-aminobutyric acid, Q@-ketobutyric acid, isoleucine or the 
O-keto analogue of isoleucine (Emerson, 1950). Homoserine is a 
precursor for threonine and methionine biosynthesis. It was 
pointed out by Teas (see Discussion following the paper by Emerson, 
1950) that the mutant 46003 does not have a methionine requirement 
but can grow in the presence of homoserine. He suggested that in 
this strain the genetic block existed in the biosynthesis of 
homoserine and that Q-aminobutyric acid and isoleucine are both 
able to give rise to threonine through the synthesis of some 


precursor. 


However, isoleucine is derived from o& -keto-butyric 
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acid which is a product of deamination of threonine (Umbarger 
and Davis 1961). Amination of Q-ketobutyric acid gives rise 
to @-aminobutyric acid. In Escherichia coli the enzyme Threonine 
Deaminase had been found to be specifically and competitively 
inhibited by L-isoleucine, thus providing a negative feedback 
mechanism controlling the biosynthesis of isoleucine (Umbarger 
1956). Hence the idea of Teas (1950) that isoleucine, keto- 
butyrate or MQ-aminobutyrate may act as alternate precursors 
for threonine does not seem likely. While homoserine is a 
precursor and thus may provide increased amounts of threonine, 
it seems more plausible that exogenous isoleucine, & -ketobutyr- 
ate or Q-aminobutyrate have a sparing effect on the endogenous 
threonine. Isoleucine, for example, by inhibition and repression 
of the enzyme Threonine Deaminase would reduce the conversion 
of threonine to (XX -ketobutyrate necessary for the endogenous 
synthesis of isoleucine. 
(c) Mutant strains requiring tryptophan or nicotinic acid 

(the nt mutants). 

The nt mutant strains are particularly interesting in 
relation to phen-1l strains since the studies of nt mutant strains 
have shown the influence of the genotype i.e. presence or absence 
of "modifiers" on the phenotypic expression of the nt allele. 
Mutation at the nt locus creates a nutritional requirement 
which can be satisfied by nicotinic acid, tryptophan or other 
related compounds. 

Nicotinic acid is derived from tryptophan in Neurospora 
crassa and Partridge, Bonner and Yanofsky (1952) were able to 
show that in a nt strain tryptophan was converted to nicotinic 


acid. They were also able to prove that though the nt mutant 
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did not grow on anthranilic acid alone, anthranilic acid was 
converted to tryptophan, in the presence of nicotinic acid. 
Bonner, Yanofsky and Partridge (1952) demonstrated that the nt 
mutant synthesized considerable amounts of tryptophan even 
though it was unable to grow unless indole, tryptophan or 
nicotinic acid was available in the medium. As the strain did 
not grow in the presence of anthranilic acid, these authors 
suggested that the nt strain was blocked in the conversion of 
anthranilic acid to indole (indole was believed to be a precursor 

for tryptophan at that time). 

The studies of Haskins and Mitchell (1952) and Newmeyer 
and Tatum (1953), however, showed that the position of the so- 
called "genetic block" was dependent upon the genotype of the 
particular nt strains. Haskins*and Mitchell: (1952) could class- 
ify some origirnaleisolates ande"modified" nt strains i.e. those 
derived from crosses between the original nt mutants anda 
wild type or from crosses between nt mutants themselves, into 
four classes. Type 1, represented by the strain C86, could 
grow in the presence of any one of the following compounds: 
phenylalanine, anthranilic acid, tryptophan and nicotinamide. 
Type 4 represented the other extreme; the strains in this cate- 
gory grew well when provided with nicotinic acid and grew only 
a little in the presence of tryptophan. The type 4 strains did 
not grow at all when provided with either phenylalanine or 
anthranilic acid as a supplement. All the four types were 
uniform in two characteristics i.e. they did not grow on minimal 
and all grew well when nicotinic acid was available. The presence 
of six different "modifying" genes in various combinations with 


a particular nt allele produced phenotypes which differed in 
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their response to various supplements. 

Newmeyer and Tatum (1953) discovered a similar Situation 
in studies with nt strains. These authors found, in addition 
to the influence of the genotype, that external factors such as 
the presence of p-aminobenzoic acid in the culture fluid, modi- 
fied the phenotypic response of a nt strain. The strain 65001 a, 
for example, could grow on anthranilic acid when also provided 
with p-aminobenzoic acid, though it did not grow when either 
compound was available alone. As also noted earlier by Haskins 
and Mitchell (1952), the strain C86 could use anthranilic acid 
in the absence of exogenous p-aminobenzoic acid. 

The nature of gene action and the metabolic pattern in 
the nt strains remains unknown. Newmeyer and Tatum (1953) have 
suggested a number of possibilities but experimental proof for 


any one is lacking at this moment. 


3. Metabolism of the aromatic amino acids, leucine and 


acetoacetate. 


(a) Biosynthesis of aromatic amino acids. 

The subject of biosynthetic pathways of aromatic amino 
acids in micro-organisms has been reviewed in detail by Umbarger 
and Davis (1961). Most of the information has been derived 
from investigations in Escherichia coli and Aerobacter aerogenes. 
From mutations in Neurospora it has become evident that the 
biosynthetic pathways of the aromatic amino acids are the same 
in this organism as in the bacteria. Phenylalanine, tyrosine, 
tryptophan and p-aminobenzoic acid are derived from a common 


precursor, chorismic acid (Gibson and Jackman, 1963; Gibson, 
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1964; Gibson and Gibson 1964; Gibson, Gibson and Cox, 1964). 
Mutations which block any one of the steps in the pathway common 
to all the aromatic compounds, create a nutritional requirement 
for all of the compounds. The first specific precursors for the 
aromatic compounds are erythrose 4-phosphate and phosphoenol- 
pyruvate, which give rise to 3-deoxy-D-arabinoheptulosonic acid 
7-phosphate, a seven carbon compound. The latter is converted 
to 5-dehydroquinic acid. The subsequent intermediates in the 
pathway are 5-dehydroshikimic acid, shikimic acid, shikimic 5- 
phosphate and chorismic acid. The intermediates following 3- 
' deoxy-D-arabinoheptulosonic acid 7-phosphate including chorismic 
acid are non-aromatic ring compounds. Chorismic acid gives rise 
to prephenic acid which yields the @&-keto precursors phenyl- 
pyruvic acid and p-hydroxyphenylpyruvic acid. The latter by a 
transamination reaction are converted to phenylalanine and 
tyrosine respectively. The first specific step in tryptophan 
biosynthesis involves aromatization of chorismic acid and the 
introduction of an amino group from glutamine to yield anthran- 
ilic acid. Chorismic acid is also converted to p-aminobenzoic 
acid by a specific pathway in which the nitrogen donor also 
appears to be glutamine. On the basis of enzymatic studies in 
wild type and mutant strains Gross and Fein (1960) have shown 
that the common pathway up to shikimic acid is the same in 
Neurospora crassa. Mutants are also known which accumulate 
but cannot utilize shikimic acid. Presumably these mutants 
are unable to carry out the reactions following the synthesis 
of shikimic acid. Mutant strains which are specifically blocked 
in the biosynthesis of a particular compound and do not have a 


multiple requirement are also known. It should be mentioned 
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a 
that Barratt and Ogata (1954) found shikimic acid to be inactive 
in promoting growth of phen-1l strains. 

Not much is known about the mechanisms of regulation 
of the common pathway as well as of the specific biosynthetic 
pathways since the end product of the common aromatic pathway 
has been discovered very recently. Morgan, Gibson and Gibson 
(1963) found that addition of L-tryptophan to a cell free system 
capable of forming anthranilate from shikimic acid inhibited 
the synthesis of anthranilic acid (feedback inhibition) and 
stimulated the production of phenylpyruvic acid and p-hydroxy- 
phenylpyruvic acid. Lester (1963) showed that the phenomena 
of feedback inhibition and repression were operative in Neurospora 
for the regulation of early reactions in the biosynthesis of 
tryptophan. The effect of an aromatic amino acid on the meta- 
bolism of related amino acids may be significant in the phen-1l 
strains. It may be mentioned here that p-aminobenzoic acid is 
unable to stimulate growth of phen-1 strains. 

(b) Degradative pathways of aromatic amino acids. 

Most of our knowledge concerning the degradative pathways 
of phenylalanine and tyrosine has been derived from animal rather 
than from microbial sources. Henderson, Gholson and Dalgliesh 
(1962) have extensively reviewed the metabolism of aromatic 
amino acids. Degradation of phenylalanine involves, first, its 
conversion to tyrosine by a hydroxylation reaction. Barratt, 

St ala, (1956) have shown that conversion of phenylalanine to 
tyrosine also occurs in Neurospora crassa. The degradation of 
tyrosine involves its conversion to p-hydroxyphenylpyruvic 
acid, presumably by a transaminase. The (-keto acid via 


homogentisic acid, maleyl acetoacetate and fumaryl acetoacetate 
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is finally split into fumarate and acetoacetate. It is interesting 
to note that the first "inborn error of metabolism" studied by 
Garrod (1909) was alcaptonuria, a metabolic disorder of man which 
is characterized by excretion of homogentisic acid. The phen-1l 
mutants are very slightly stimulated by p-hydroxyphenylpyruvic 

acid and somewhat more by phenylpyruvic acid. Barratt and Ogata 
(1954) found that homogentisic acid was inactive as a supplement 
for phen-1 strains. 

Due to the fact "that tryptophan is a precursor of 
nicotinic acid in animals and Neurospora crassa, the metabolism 
of tryptophan has received a great deal of attention. The 
subject has been reviewed by Bonner and Yanofsky (1951) and 
Henderson et al. (1962). It is important to note that phen-1 
strains are able to grow in the voresence of kynurenine which is 
an intermediate in the degradative pathway for tryptophan (Barratt 
and Ogata 1954). Evidence for the conversion of tryptophan to 
anthranilic acid vis kynurenine was presented by Haskins and 
Mitchell (1949). A wild type strain when grown in the presence 
of high levels of tryptophan excreted anthranilic acid in the 
medium. A mutant strain which was able to grow on anthranilic 
acid could also utilize kynurenine. The phen-1l strains, however, 
cannot grow in the presence of anthranilic acid, whereas indole, 
tryptophan and kynurenine are growth-promoting compounds (Barratt 
and Ogata 1954). 

(c) Biosynthesis and Degradation of Leucine 

The biosynthetic pathway for leucine has been recently 
elucidated in Neurospora crassa and Salmonella typhimurium 
(Jungwirth et al., 1963; Gross et al., 1963; Burns et al., 1963; 


Calvo et al., 1962). The intermediates in biosynthesis of 
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leucine are (-ketoisovalerate, p -carboxy- B -hydroxyisocaproate, 
Q&-hydroxy- B -carboxyisocaproate and X&-ketoisocaproate. The 
first intermediate, (Q-ketoisovalerate, is also the immediate 
precursor for valine. The final step in the biosynthesis of 
leucine is amination of (Q-ketoisocaproate, catalyzed presum- 
ably by a transaminase. Information concerning the degradative 
pathway of leucine in micro-organisms, including N. crassa, is 
rather scanty. The role of leucine in ketogenesis in animal 
tissues has been recognized for a long time (Coon, Robinson and 
Bachhawat, 1955). In an outline the pathway consists of conver- 
sion of leucine to C-ketoisocaproate which is finally converted 
to acetoacetate and acetyl CoA. The intermediates between 
O&-keto-isocaproate and acetoacetate and acetyl CoA are iso- 
valeryl CoA, isopentenoyl CoA, 8 -methylglutaconyl CoA and 
B -hydroxy- P-methylglutaryl CoA. The prominent feature in 
this degradative pathway is the role of Coenzyme A. 
B -hydroxy- Bf -methylglutaryl CoA is cleaved into acetoacetate 
and acetyl CoA. Since acetyl CoA can also be condensed to 
acetoacetate hence one mole of leucine on complete catabolism 
leads to the formation of 1.5 moles of acetoacetate. An important 
reaction of f -hydroxy- PB -methylglutaryl CoA is its conversion 
to mevalonic acid which is the source of the isoprene units in 
B -carotene and other carotenoids ( Durr and Rudney, 1960). 
Biosynthesis of cholesterol has been reviewed by Popjack and 
Cornforth (1960). Braithwaite and Goodwin (1960) have shown 


that the radioactive labels from leucine were incorporated 


into carotene by Phycomyces blakesleeanus. 
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(d) Metabolism of acetoacetate 

There is no specific information available about the 
role of acetoacetate in Neurospora except of course the fact 
that phen-1l mutants are able to grow in the presence of ethyl 
acetoacetate. As pointed out earlier, acetoacetate can arise 
from degradation of tyrosine and leucine. In animals the 
production of acetoacetate has received a great deal of 
attention because accumulation of acetoacetate is a metabolic 
disorder known as ketosis. It has been recognized that aceto- 
acetate is a normal product of fatty acid oxidation and that 
it can be oxidized in all tissues except the liver. The 
enzymatic mechanizms of fatty acid oxidation have been reviewed 
in detail by Green and Wakil (1960). Oxidation of fatty acids 
yields acetoacetyl CoA and acetyl CoA. 

Acetoacetyl CoA is reversibly converted to acetyl CoA 
by the enzyme B-ketoacyl CoA thiolase. Acetoacetyl CoA in 
the presence of acetyl CoA is also converted to acetoacetate 
and free coenzyme A. It is interesting to note that the 
conversion of acetoacetyl CoA to acetoacetate perhaps involves 
condensation of acetoacetyl CoA with acetyl CoA to produce 
B-hydroxy- B-methylglutaryl CoA. The latter is then cleaved 
to acetoacetate and acetyl CoA and free coenzyme A. Hence, 
an interrelationship between fatty acid oxidation, the degrada- 
tion of leucine and the biosynthesis of carotenoids is seen 
to involve the key intermediate, B -hydroxy- P-methylglutaryl 


CoA. 
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4. Transaminases in Neurospora crassa 


A brief review of the studies on transamination 
activities in Neurospora is justified because of some growth 
promoting activity of phenylpyruvic acid and p-hydroxyphenyl- 
pyruvic acid and the inability of (€-ketoisocaproic acid to 
stimulate growth of phen-1l strains. As mentioned earlier, 
the final step in the biosynthesis of phenylalanine, tyrosine 
and leucine is a transamination reaction. Transamination is 
again the first step in the degradation of tyrosine and leucine. 

Transamination activities in crude and partially 
purified extracts of Neurospora have been examined by Fincham 
and Boulter (1956), Ames and Horecker (1956), Jacoby and 
Bonner (1956), Monder and Meister (1958) and Seecof and Wagner 
(1959a, 1959b). 

Ames and Horecker (1956) have reported that the con- 
version of imidazole acetol phosphate to L-histidinol phosphate, 
a reaction involved in the biosynthesis of histidine, is 
catalyzed by a transaminase. The (-keto phosphate ester is 
converted to Q-amino phosphate in the presence of an amino 
group donor such as glutamate, L- Q@-aminoadipate, L-arginine 
or L-histidine. Glutamate was the most effective amino donor. 

Monder and Meister (1958) prepared extracts of Neurospora 
which transaminated glutamine and M&-ketosuccinamate to yield 
asparagine and Q-ketoglutaramate. 

The report of Jacoby and Bonner (1956) that a trans- 
aminase from Neurospora catalyzed the conversion of kynurenine 
to kynurenic acid in the presence of a variety of Q-keto acids 


is particularly interesting in view of the fact that kynurenine 
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promotes the growth of phen-1l mutants. The authors found 
that pyruvate and MO-ketoglutarate were the most efficacious 

Q£-keto substrates; phenylpyruvic acid, indolepyruvic acid 
and Q-ketobutyric acid were also active but the rate of 
transamination was lower than with pyruvate or Q-ketoglu- 
tarate; the least active keto substrates were Q-ketoiso- 
valerate and Q-keto- B-methylvaleric acid. The Q-keto 
analogue of leucine was not tested in this study. 

Fincham and Boulter (1956) have postulated four 
different transaminases which can utilize Q-ketoglutarate 
as a substrate. The hypothesis was proposed on the basis 
of the observed increase in certain transaminase activities 
when the mycelium was grown in the presence of certain amino 
acids. Fincham and Boulter (1956) proposed that a single 
enzyme, or a group of very similar enzymes, catalyzed glu- 
tamate formation from phenylalanine, isoleucine, valine, 
leucine, morleucine, methionine, Q-aminobutyric acid and 
tryptophan, in a decreasing order of activity. 

Seecof and Wagner (1959a,b) have partially purified 
a transaminase which reacted with 13 of the 19 amino acids 
tested. The Ol-keto substrates used were Q-ketoglutarate, 
phenylpyruvate, pyruvate, OQ -ketoisovalerate, and Ol-keto- 

B-methylvalerate. The enzyme was relatively most active 
with phenylalanine as donor and Q-ketoisovalerate, 

O-keto- PB -methylvalerate or (d-ketoglutarate as amino 

group recipients. With phenylpyruvate as amino group re- 
cipient, isoleucine, valine and leucine were efficient 
amino group donors. The enzyme did not react with ornithine, 


alanine or aspartate. Glutamate was utilized relatively 
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less efficiently by the enzyme in the amination of phenyl- 
pyruvate when compared with the branched chain amino acids. 
The question whether or not the enzyme preparation was very 
active in the transamination reaction between O/-ketoiso- 
Caproate and glutamate as compared to other amino group donor 
was not investigated. Qualitatively the preparation was found 
to be active in the amino group transfer between leucine 
and (Q-ketoglutarate. 

Genetic control of transaminases has not been reported 
so far in Neurospora crassa. At least in one case (Seecof 
and Wagner, 1959a,b), in which transaminase may be involved 
in the metabolism of a large number of amino acids, the organ- 
ism may not tolerate the loss of the enzyme. Modifications 
are, however, possible if the metabolic and physiologic alter- 
ations are not too drastic or are rectified by changes in 
environment. 

In Escherichia coli an isoleucine auxotroph was found 
to be deficient in a transaminase (Rudman and Meister 1953). 
This enzyme transferred amino groups between glutamate, iso- 
leucine, valine and leucine. The loss of the transaminase 
resulted in an absolute requirement for isoleucine because 
other transaminases catalyzed the reactions for the synthesis 
of leucine and valine. The auxotroph had a partial requirement 
for valine since the alanine-valine transaminase did not meet 
the valine requirements for rapid growth. 

Accumulation of the (Q&-keto analogues or the inability 
to utilize them for growth by mutant strains may indicate the 
loss or modification of a transaminase. Investigation of the 


transaminase in vitro, however, may not explain the observed 
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phenotypic behaviour. Seecof and Wagner (1959b), for example, 
found that a mutant strain of Neurospora which was inhibited 
by threonine at high temperature and accumulated the Q-keto 
analogues of isoleucine and valine, possessed a transaminase 
with the same properties in vitro as the wild type enzyme. 
Wagner et al., (1964) have investigated a large number of 
isoleucine-valine auxotrophs of Neurospora and find that many 
of the mutant strains are unable to utilize O-keto acids for 
the synthesis of isoleucine and valine. Examination of the 
mycelial extracts, however, shows that a transaminase necessary 


for the reactions is present. 
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MATERIALS AND METHODS 

The mutant strain UA119 was isolated as a tryptophan 
auxotroph by Leeuw (1963) by the "“inositol-less death" selection 
technique of Lester and Gross (1961). Nitrous acid was used 
as the mutagenic agent. The experiment in which UA119 was 
isolated also yielded twelve other tryptophan mutants, two 
of which were reported to grow actively with indole as a supple- 
ment (Leeuw, 1963). 

Phen-1l strains H6196 and H3791 (both of mating type a) 
were obtained from the Fungal Genetics Stock Center, Hanover, 
New Hamshire. These mutants were isolated by Hungate and 
Mannell (1952) using radioactive sulphur as a mutagenic agent. 
The strains have been described by Barratt and Ogata (1954). 

Fluffy (strain L, mating type a) was used as a linkage 
group II marker because it is closely linked to the tryp-3 
locus (Barratt, Newmeyer, Perkins and Garnjobst, 1954). A 
leucine requiring strain (leu-3, allele R156, mating type a) 
was used as a linkage group I marker. 

The minimal medium of Vogel (1956) with one or two 
percent sucrose was commonly used for vegetative growth in 
liquid or agar (Bacto-agar 1.5%). The phen-1l strains were 
maintained on tryptophan supplemented medium (50 mg. L-trypto- 
phan/liter). The strain UA119 requires inositol as an addi- 
tional supplement. In Ryan Growth Tube assays it was found 
that at least eight mg. i-inositol/liter were necessary to 
support vegetative growth in the strain UA119 equal to 
the rate of growth of wild types on minimal medium. However, 
it was found that conidiation was improved with 15 to 20 mg. 


inositol/liter. For convenience the inositol-supplemented 
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medium is referred to as minimal medium in the text. 

Crosses were made on the synthetic medium favouring 
sexual reproduction (Westergaard and Mitchell, 1947). However, 
the crosses between UA119 and the phen-1l strains, for the 
purpose of obtaining prototroph frequencies in large ascospore 
populations, were made on Bacto Corn Meal Agar containing 
0.2% dextrose. The crossing medium in this case was supple- 
mented with 200 mg. L-phenylalanine/liter. 

Compounds such as indole, ethyl acetoacetate and the 
QA-keto acids were added as filter-sterilized solutions to 
appropriate amounts of autoclaved minimal media. 

Sorbose-supplemented medium was used in reversion 
experiments and in ascospore plating experiments. Sorbose, 
when added to the medium containing low concentrations of 
sucrose or glucose, causes restricted, colonial growth of 
Neurospora (Tatum, Barratt and Cutter, 1949). The sorbose- 
agar medium used in the present study contained 0.1% dextrose 
and 2% Difco Bacto-agar in addition to the salts and biotin 
of Vogel medium. Sorbose was always autoclaved separately 
in aqueous solution and appropriate amounts of the sterilized 
solution were added to autoclaved agar medium. This procedure 
prevents dark coloration of the medium due to caramelization. 

All the chemicals, including amino acids and other 
organic compounds, used in this investigation were obtained 
from commercial sources. The compounds were of the highest 
available purity and were used without any repurification. 

The nutritional characteristics of UA119 and the other 
phen-1l strains were examined in liquid and agar media. Tests 


in liquid media were made either in 18 x 150 mm. culture tubes 
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(10 ml. medium) or in 125 ml. Erlenmeyer flasks (20 ml. medium). 
Generally a small amount of conidia carried on the tip of the 
inoculation needle was used as the inoculum but a mycelium-free 
suspension of conidia was pipetted in appropriate amounts when 
an inoculum of a known concentration of conidia was desired. 
It was found necessary to use 10° or smaller samples of conidia 
Of UA119 to reduce growth due to reversions. Growth due to 
reversions could also be taken into consideration when conidia 
were streaked on the agar medium in petri dishes. 

Crosses were made by dusting conidia on the proto- 
perithecial parent, either in petri dishes or on slants in 
culture tubes. The protoperithecial parent was incubated for 
four or five days at room temperature (21-22 C) before conidia 
from five or six days old cultures of the second parent were 
applied. However, in the crosses between UA119 and the phen-1 
strains, when large populations of ascospores were collected, 
the protoperithecial parent was fertilized by spreading 0.5 ml. 
of a mycelium-free suspension of conidia. This method gave a 
large number of well distributed perithecia. 

The prototroph recombinants and/or revertants frequen- 
cies in the crosses between phen-1 strains were estimated by 


5 or more ascospores from a cross in minimal (i.e. 


plating 10 
inositol-supplemented) sorbose-agar medium. The viability of 
ascospores was estimated by spreading a known number of asco- 
spores in sorbose-agar medium (supplemented with 50 mg. 

L-tryptophan and 100 mg. L-leucine per liter) in petri dishes. 
The spores were collected four weeks after fertilization from 


petri dishes kept at 21-22 C. All the perithecia as well as 


ejected ascospores were collected in 20-40 ml. of distilled 
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water. The perithecia were squeezed open with forceps and 

the entire mixture was vigorously shaken in a screw-cap bottle. 
Filtration through a double layer of surgical gauze gave a 
heavy suspension of ascospores. The suspension was centrifuged 
at low speed for a few minutes and the spores were washed with 
a 1% solution of a commercial sodium hypolchlorite disinfectant 
(Javex). The washed spores were centrifuged and suspended in 
sterile distilled water. The concentration was estimated by 
counting the number of spores in 0.1 ml. aliquots spread on 

a glass slide. This method was found to be more reliable as 
compared with counts in a blood counting chamber. Twenty ml. 
of the suspension were added to an autoclaved non-solidified 
sorbose-agar medium kept at 60° Cc. in a water bath. After 30 
minutes at this temperature, five ml. aliquots were spread on 

a layer of minimal sorbose-agar. The plates were incubated 
aoma0 Cy 

In other crosses, random ascospores were individually 
isolated by the usual technique and were transferred to small 
tubes containing minimal medium supplemented with the aromatic 
amino acids (each at 50 mg./liter), L-leucine (100 mg./liter) 
and ethyl acetoacetate (100 mg./liter). 

For estimation of reversion frequencies, conidia from 
six days old slants were suspended in sterile distilled water, 
filtered through glass wool, centrifuged and resuspended in 
sterile distilled water. Conidial concentrations were calculated 
using the Bright+line Hemocytometer and adjusted to the desired 
concentrations. An aliquot containing the desired number of 
conidia was added to non-solidif&éd minimal sorbose-agar medium 


kept at 45° c. The medium was then distributed uniformly to a 
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number of plates (approximately seven or eight plates per 100 ml. 
medium). Each plate contained approximately 10° conidia; higher 
density was avoided because of the slight leakiness of the phen-1 
strains. The plates were incubated at 30° C. For estimation 
Peeyvvali lity Or conidia ina particular medium, -Osta0l. or a 
suspension containing 103 conidia per ml. was spread on sorbose- 
agar. Reversion frequencies were estimated on the basis of 
viability of conidia on sorbose-agar medium supplemented with 


50 ml. L-tryptophan per liter. 
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RESULTS AND DISCUSSION 


I. Location of the "tryptophan" mutation in UA119 on linkage 


Groupe ; 


A cross was made between UA119 and fluffy (mating 
type a), with the latter as the protoperithecial parent. 
Seventy-five viable ascospores which had been ejected from 
perithecia were selected by plating an ascospore suspension on 
sorbose-agar medium supplemented with L-tryptophan. The data 
(see Table I) indicated that the "tryptophan" mutation in UA119 
was not linked to the gene for fluffy. There was a deficiency 
of fluffy isolates in this sample and among the conidial (non- 
fluffy) isolates there was an excess of prototrophs (termed 
“wild" in Table I). The strain UA119 is also inositol-defi- 
cient, therefore the segregation for the inositol (inos.) 
allele was determined among the "conidial" ascospore colonies. 
The segregation for inos, which is located on linkage group V, 
was found to be 24 inost: 26 inos-. The deficiency of the 
auxotrophic class (tryptophan requiring) was therefore be- 
lieved to be due to low viability of ascospores of this class 
and to the method employed for isolation of ascospores 

TABLE I 


Segregation of "fluffy" and "“auxotroph" phenotypes 
in a cross between UA119 and "fluffy" tester strain. 


Phenotype No. of ascospores 
conidial, wild* Al 
conidial, auxotroph* 9 
tlutivye wild 14 
fluffy, auxotroph A i ke 

Total 12 


* Wild types do not require tryptophan; auxotrophs 
require tryptophan. 
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The cross between fluffy and UA119 was repeated and 
600 ascospores (viability 77%) were individually isolated at 
random from the population ejected out of perithecia. Segre- 
gation for fluffy and tryptophan-requirement was observed 
among 466 ascospores which germinated. It was also noted 
at this time that UA119 had a relatively reduced amount of 
conidiation and distinctly pale colour when compared with 
the parent strain 89601 or other wild types. The segregants 
from the cross flutty, a x UALS, A.could be classified into 
the following morphological classes: 

(1) growth, conidiation and colour resembling the wild types; 
(2) poor growth and conidiation and distinctly pale in colour; 
(3) fluffy (aconidial) morphology and vigorous growth; 

(4) fluffy morphology but poor growth. 

The data given in Table II show that the morphogical 
features were very closely associated with the nutritional 
characteristics of the cultures. There were, however, a few 
conidial isolates which resembled, morphologically, class 1 
but were auxotrophic, whereas others which resembled class 2 
but were found not to be tryptophan reguiring. Not all of the 
fluffy isolates could be classified for nutritional character- 
istics but the vigorously growing fluffy strains were found 
all to be prototrophic and those poorly growing fluffy isolates 
which were tested were all auxotrophic. 

The results confirmed that the "tryptophan" mutation 
in UA119 was not linked with fluffy and consequently could 


not be located at the tryp-3 locus. 
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TABLE ITI 


Segregation of fluffy and auxotrophy in the second 


cross between UA119 and fluffy (random ascospore analysis). 


Number of 
ascospores 


Growth in 
minimal 
medium 


Class Morphology 


Growth and condi- 
tion vigorous; 
colour deep 


2 Reduced growth ~ bi 
ands GOnLdLAtion; | 
pale colour 


3 same as class l - 3 
4 same as class 2 + i 
fTurttyy growth + or - 214 
vigorous or 
reduced 


Total 466 
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The segregation data obtained from the initial cross 
between UA119 and fluffy had shown that the mutant locus in 
UA119 was not linked with fluffy and therefore could not be 
on linkage group II. Moreover, no linkage with inos locus 
on linkage group V could be detected. It was found unnecessary 
to test linkage relationships with markers in other linkage 
groups, (sincepthe,flutfy,-isolates from the first fluffy x UA119 
cross (Table I) indicated linkage of the mutant locus with 
sex on linkage group I. It was confirmed by determining the 
mating type of a large number of ascospore colonies obtained 
from the second fluffy x UAL19 cross. Each isolate was crossed 
with the wild types 74A and 79a. The data as given in Table III 
definitely establish the location of the mutant on linkage 
group I inebhesvicinity ofjthe,sex-locus. «Among 29]1;ascospores 
tested only 14 (4.8%) were possibly recombinants. 

TABLE III 

Linkage of the "tryptophan" mutation in UA119 with 

tie sex locus. 


Ascospores colonies isolated from the cross between 
UA119 and fluffy were crossed with 74A and 79a to determine 


the mating type. 
Mating type 


Phenotype ascospores 
A 


Class 1* EZ vt 4 4 


Class 2 


Cliass 5# 


* Class designations in this table are the same as in 
Pe Lee, 


# Only vigorously growing fluffy segregants which were 
known to be prototrophs were tested. 
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Random ascospore analysis in the absence of other 
linked markers does not allow determination of the exact 
location of the "tryptophan" mutation in relation to sex. 

The location of the "tryptophan" mutation on linkage 
group I was confirmed by random ascospore analysis of a cross 
between UA119 and a Teu-se(leucine’ requiring;* R156) straint 
Among 100 viable ascospores, 20 were found to be prototrophs. 
Leu-3.has been reported to be 9.1 units (tetrad analysis) 


from sex (Barratt and Ogata, 1954). 


II. Recognition of the phen-1l locus as the site of mutation 


incUAL 19% 


Location of the UA119 mutation in the vicinity of 
Bex suggested that it may be an allele of the phen-1 mutants 
described earlier by Barratt and Ogata (1954). In fact the 
possibility would have suggested itself even earlier but the 
Original description of the phen mutants stated that the 
strains grow vigorously on indole~-supplemented medium. UA119, 
responded very slowly to indole in comparison with tryptophan. 
The mutant was similar to phen strains in that it did not 
respond to anthranilic acid. The response of phen-1l strains 
to indole was noted by Barratt and Ogata in auxanographic 
tests. However, in the present study the phen strains H6196 
and H3791, described by Barratt and Ogata (1954) were found to 
be similar to UA119 when tested in liguid media supplemented 
with indole at varying concentrations. The ability to grow 
when provided with either an aromatic amino acid or leucine 


(a unique characteristic of phen-1l strains), was displayed 
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by UA119 and consequently left no doubt that the latter was 
mutant at the phen-1 locus. 

mi order torconrfirm the’ location of the UVA11LO mutation 
at the phen-1l locus the strain was crossed with H6196 and H3791. 
The fertility of perithecia in these crosses was very low and 
a very limited number of ascospores waS ejected in the cross 
with H6196; there was no ascospore ejection in the cross with 
H3791. Ascospores ejected from perithecia of UA119 x H6196 
cross were isolated at random. In the case of the UA119 x 
H3791 cross, perithecia were cut open and ascospores were 
isolated at random. The data on germination and freguency of 
prototrophs in these crosses are given in Table IV. 


TABLE IV 


Segregation of sex and the frequency of prototrophs 
in crosses of UA119 with phen-1 strains. 


Germination Growth 


(%) 


Ascospores 
analyzed 


UA119,A x H6196,a 500 60 wild 208 O} 
auxotroph O° 2 


UA119,A x H3791,a 600 14.5 wild 0) 0 
auxotroph 45 


While the UAL19 x H3791 cross suggested UA119 to be 


allelic to the phen-l mutation, the cross UA119 x H6196 was 

quite anomalous. Fortunately the close linkage of sex to the 
phen locus afforded an opportunity to analyze the cause of the 
discrepancy. The possibility was considered that each of the 


strains, UA119 and H6196, carried one or more suppressors for 
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the phen-l allele of the other. In fact the segregation of 
prototrophs and auxotrophs in the ratio of 2:1 could be explained 
if one parent had one unlinked suppressor and the other had two 
unlinked suppressors. The segregation of the sex locus, however, 
clearly rejected the suppressor hypothesis. The results of the 
mating-type tests are also given in Table IV. It became clear 
that the ascospores carrying the sex allele A presumably derived 
from UA119, were reversions. The high frequency of "phenotypic 
reversions" (prototrophy due to unspecified genetic changes) 
in UA119 had been noted earlier. The sample of ascospores 
analyzed in this case was obviously a biased sample as only 
those ascospores which had been ejected from perithecia were 
isolated. It is very likely that the presence of a reverted 
allele permitted more normal ascus development and behaviour. 
It should be mentioned that the crossing medium contained 
lysine because UA119 was also crossed to lysine-3, a linkage 
group I marker strain and the same medium was employed for all 
crosses. It was not realized at the time that lysine and 
arginine have an inhibitory influence on phen~-1l strains 
(Barratt and Ogata 1954). The presence of lysine in the medium 
might have given the prototrophic nuclei of UA119 a selective 
advantage. 

As the results of the crosses between phen-1 strains 
and UA119 were not satisfactory it was decided to repeat the 
crosses, using UA119 and a phen-1l strain reciprocally as the 
protoperithecial parent. Crosses were made on the synthetic 
medium of Westergaard and Mitchell (1947) and a Difco corn 
meal agar (0.2% dextrose); both types of media were supple- 


mented with L-phenylalanine (200 mg./liter). The crosses on 
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corn meal agar were found to be relatively better in perithecial 
development and the data given in Table V, on germination 
percentage and frequency of protrotrophs in ascospore popula- 
tions, were derived from these crosses. The data are based 
on samples taken from all the ascospores that could be collected. 
Lt isiiclearjfrom the data in Table V that fhe mutant 
locus in UA119 is allelic to the phen-1l locus. A definite 
statement about the site of mutation in UA119, in relation to 
the site or sites involved in H6196 and H3791 is not possible 
because the nature of the prototrophic isolates was not analyzed; 
the possibility that the prototrophs are not the products of 
recombination but due to reversions has to be taken into account. 
Table V also shows that the ascospores from each cross 
yielded an increased number of prototrophic colonies when the 
plates were incubated for six days. These colonies could be 
arbitrarily classified into large, medium and small according 
to their diameter at the time of data collection. It will be 
seen later, (see reversion frequencies), that a similar situ- 
ation exists in conidial populations. Microscopic observation 
of the plates showed that 10-20 percent ascospores germinated 
and developed mycelial growth to varying extent. It is inter- 
esting to note that viability of ascospores on tryptophan-~ 
supplemented plates was also in the range of 15-20 percent. 
The crosses in which UA119 was the protoperithecial 
parent yielded fewer prototrophs as compared to the crosses 
in which UA119 provided the conidia for fertilization. The 
difference between the two crosses involving UA119 and H6196 
is particularly noticeable because in one instance no so called 


"recombinants" occurred whereas in the other (H6196 x UA119) 


4£ - 


[stoertixse ai wetved ylevitsies ad’ o# bauad 
loslatioxep ao ,V oldsT oi nevip ooed etd Be 

-sluang eteqeoses ai eadecrtossere 26 vonaupedt 
Oesad ers s¥ah edt .2es2aciD oderts mox® f 
betoellos sd blues +845 satoqeosasn eff Lis oor? | 


siete Srl tart V gldsT at e286 odd cox 


5a 


wtiniteb A .guoei l-osdg sat od pbfetie: vo Q4uA a 
of mottsisy ni .eLiAU of iteigagum Yo ste ene 
eiditeeod tor 2ei Le°EH fae 92°F si bayiowvek @etée t 

“Cas [ans 7 BBW eaotalor, ,idfgeTrIe104"g sriz to everven ort: ? 
1O BIONDCIg Sis Jan sing sage vsac0T" ott darit yat 
.onuecoe oftni nsdAst ad cy esr Soo ievevery of 286 ged nes : 
aabZO 1566 To22 #Pe40G80085 Sit Jena oworts eels V olde? . | 
en7 cadw eainolos oldgoritescag 36 susie heasoront ms: £ ’: 

Si bineon seynoles sasiTt <3¥V6ED wis to? hetaduont 
palibyecas Jlema bre mudhenm oepys! osm bothiewaie: 

ad [ltw 3? .waebijosiIoo steb G0 Smid od ae 


-Ujte “Bl its es Doers ‘Amccnapan no ha teva wate oF: 
ae 


nO: Tevaeeado siqoueatoIM .eHod 7éLugeq istihiaos ai seeks ’ 
NStIStiMtsh setogenoues tapoaseq OS-O1 aarte.| 
~%S7IIt al al  Itsives ptiyrtev oa bIwotKe Lert 


>a oh ae 
-—Ksligotdyr+ no avioweooes To yttilidety sates 


ay 
Pr. 
Saeco tsq Of-é! Io apnen sft at onde ag lq & 


fs.vedainsoojora sis apy Clay hee i m on 

; SS. on 
esezoto eft oF bsisgmo> es ange a ‘ 7 
: is ¢ ae 
aw .aoltes!fitxs? 208 AebENSS,: 


SCiai bag ei iAu pina 2: 


“ull Z - T TTews 


‘-uw p - Z wNTpew ‘ezow 20 ‘uw 7 ebreT +A9}OWeTpP AuOTOO uo peseq UOTReOTITSSETO Px 

-uotjeqnout skep ¢ teqze Aebe Tewtuyw-esoqios 
uO ZejoWeIp UT “WW G - € STEM YOTYM SeTUOTOD ey Se peuTFep Aj tszeszARtgze ,SszPUeUTqUODeY, EC» 
SejelTa pejueuetTaans-ueyaozdArA uO seTUOTOO Fo azequinu S> WOT peqeutTqyse ARTTTGeTA Cx 
juezed [e1oeyzTTedojzord ey} seM AFOeT 9YF UO UTeTAS SOUL I+ 
BET oT Ce 910° 0% STO°O 9¢ Ove 0° 0d i" 61T1IWN X T6LEH 
m 661 Le 6 090°0 600°0O 6 CvaL 6° VI OF S1tTwo xX S619 
| OOOT Me) VI SO00°O tT00°O 9 Osc | Lt é¢ LS T6LE€H X oTTwn 
Occ Te Te 000°0 000°0O 0 0672 E Ot V« 96T9H X* 6TTWo 


soizods 
STqeta 
JO % 


[TrTews "pew ebirey 


V+ C+ (,0T x ) (cOT X ) 
uotzeqnout sAep ,Squeutquooez,, soizods SG paueetos 
9 zeq4ge syaor} setouenbelj jo zrequnyn etqeta | Ayt[tqetA | setodsoose 
oj01d JO ZequNnN ,qFUBUTQUODEY ,, yo zequnn jo zequnn 


*squeqnu [-ueya pue 6TTWN UseMzeq Sesso to 
woiz sezodsoose wopuer huowe syudorjz0j01d Fo Aduenbelr4 


A aATavh 


Tx SS8025 


bo trsiio ir 


~ TH 


~*~ 
4. 


fyep-natfaosoyv~o ce 


: gros: 1IWSAGoO Io 190 sas FEW s3al ait 


2TFe18Gd 


on 
~~ 


: a 
isolom to xscanq oft wort Bedamizgas V=rl ite 


f asisw Ssoidw ee motos off 26 bansish viitertidys “asaosat im n Ea 
roaritedusas eysh €£ xezie 2Eps ismingtm-sesodise— _ 
: } 


io bsasd fottsoitiaes ky 6%, 
im S = £ifege- * 


%> .mn #& oeors! -retameso Viroles 


= 36 ~ 

nine "recombinants" were found. The ascospore population in 
the latter case was approximately fifty percent of the former 
However, the total number of prototrophic colonies, after six 
days incubation exceeded in the cross UA119 x H6196 when com- 
pared to the cross H6196 x UA1I19. 

As the parental strains were not suitably marked for 
a three point test a satisfactory analysis of the prototrophic 
progeny could not be undertaken. It was decided that the 
freguency of "large" prototrophs after three days incubation 
should give some idea of the frequency of crossing-over be- 
tween mutant sites in UA119 and the other phen-1 strains. 
Extremely close linkage of the mutant sites is obvious from 
the data andif it were possible to distinguish revertant and 
suppressed strains, the frequency of recombinant prototrophs 
would be perhaps much lower than is apparent from the data. 

Among the several prerequisites for a correlative 
study of gene structure and function are the following: 


1. A large number of independently isolated mutants. 


2. Suitable outside markers. 3. Criteria for distinguishing 
the recombinants. 4. Good fertility of inter-allelic crosses 
and particularly high viability of ascospores. The possible 


reasons for the apparent scarcity of phen-1l mutants are mentioned 
in General Discussion. Further investigations are required 

to find out whether or not the prereguisites can be fulfilled. 
The outside markers would have to be such that the viability 

of ascospores is not adversely affected. The experience with 
fluffy indicates that morphological mutants may not be suitable 


as markers. 
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Itt. Effect of different supplements on the viability of 


conidia of phen-1 mutants. 


Barratt and Ogata (1954) studied the relative response 
of H6196 to growth promoting substances in liquid media and in 
growth tubes with solidified medium. From their studies it 
became evident that phenylalanine was the most effective 
nutrient. In the present study the possibility was considered 
that*differences in viability might also-exist at different 
levels of various supplements added (individually or in combi- 
nation) to the sorbose-minimal agar medium. The results in 
Table VI show that there is a Significantly higher average 
number of colonies formed on tryptophan supplemented plates 
in comparison to those on phenylalanine, leucine or ethyl 
acetoacetate. Moreover, it can be seen that UA119 and H6196 
are Similar in behaviour in this respect. 

TABLE VI 


Freguencies of colonies formed per 100 conidia in 
the presence of different supplements. 


Supplement Average number of colonies per 100 conidia 
pigmotegm.) UA119 H6196 
L-Tryptophan 42.0 BA oy 
L-Phenylalanine = core 
L-Leucine NS fhe = 21.8 


Ethylacetoacetate 2.70 20.4 
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Since there was a significant difference in the average 
number of colonies formed on tryptophan medium when compared 
with other media, it became desirable to know whether or not 
the differences were restricted to a particular concentration 
of supplements. Also the response to L-tyrosine was determined. 
The data obtained are graphically illustrated in Fig. 1. The 
following conclusions have been deduced from the data: 

1. L-tryptophan and L-tyrosine are the most suitable supple- 
ments in the sorbose agar medium with regard to viability. 

On the other hand, there is a sharp reduction in the number 

of colonies formed in the presence of phenylalanine, leucine 

or ethyl acetoacetate. 2. There is no significant difference 
in viability of conidia when germinated on media suvplemented 
with a nutrient except in the case of ethyl acetoacetate. In 
the latter case, there is an apparent correlation between 
viability and the concentration of ethyl acetoacetate in the 
medium. 3. A combination of amino acids in the medium does 
not increase viability. 4. When compared with other compounds 
L-tyrosine cause a more rapid development of colonies. 

Tt-is not possible, at present, to explain the reduced 
viability in the presence of phenylalanine, leucine or ethyl 
acetoacetate. Since L-sorbose has been shown to induce 
structural changes in the cell wall (Terra and Tatum, 1961), 
it is possible that the lower viability is a consequence of 
sorbose in the medium. The effect of sorbose on the perme- 
ability mechanisms is not known at present. 

Even in the presence of tryptophan or tyrosine only 
approximately 50% conidia of phen-1l strains give rise to 


colonies. This reduction in viability may be related to the 
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Fig.l. Viability of conidia of UA119 on sorbose-agar media 
containing various levels of nutrients, singly or ina 
combination. Viability expressed in number of colonies 
formed per cent conidia plated. Phen.= L-Phenylalanine: 
Tryp. = L-Tryptophan; Tyr. = L-Tyrosine; Leu. = L-Leucine; 
EAA = Ethyl acetoacetate; Mix. = mixture ( each amino acid 
at a concentration of 0.25 pmole per ml. medium) 
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200% 0.25 pmole/ml. of each amino acid 
| 1.5 pmole/ml. 
eo pmole/ml. 
BEN 0.5 pmole/ml. 
[| 0.25 pmole/ml. 
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freguency of uninuclear microconidia, as it is known that 
microconidia are more adversely susceptible to environmental 
changes. A combination of nutrients does not have a synergistic 
effect on growth of phen-1l mutants (Barratt and Ogata, 1954) 
and as can be seen in Fig. 1, a combination of amino acids 
including phenylalanine and leucine does not improve viability 
when compared with either tyrosine or tryptophan supplement. 
From the point of view of estimation of viability of conidia 


it is obvious that tryptophan or tyrosine is the preferred 


supplement. 


IV. Freguency of phenotypic reversions to prototrophy in 


phen-l strains. 


It has been mentioned earlier that the unusually high 
rate of reversion is one of the characteristics of UA119 
which attracted attention. Reversion frequency is often a 
characteristic of a particular mutant strain which distin- 
guishes it from other mutants. Furthermore, it is necessary 
to take reversion frequency into consideration in "interallelic" 
crosses. Therefore the frequency of "reversions" in UA119 
and the other two phen-1l strains have been estimated. 
Phenotypic reversion is the conversion of the auxotroph 
to prototrophy which may be due to mutation within the locus 
originally mutated or at other sites in the genome; in the 
latter case the mutational event is called a suppressor 
mutation and the locus is called a suppressor. In the present 
study the genetic nature of the revertants has not been 


investigated. Estimation of reversion frequencies is rather 
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arbitrary in certain respects. For instance, all the three 
phen-l mutant strains are leaky, i.e. conidia of these strains 
are able to germinate and give rise to minute colonies. 
Presence of sorbose does not basically alter this characteristic. 
A certain proportion of conidia are multinucleate and the 
leakiness may imply an increase in the number of nuclei in 
each germinating conidium. The frequency of reversion is 
perhaps best expressed in terms of a population of nuclei but 
in this study the usual convention of estimation in terms 
of conidia has been followed. 

Due to the "leaky" nature of phen-1 mutants, the 
conidia of these strains germinate and form minute colonies 
on minimal sorbose-agar. The colonies are variable in size 
but the vast majority do not exceed one mm. in diameter after 
three days incubation at 30 C. It has been assumed that if 
a colony exceeds one mm. a genetic change is responsible and 
the colony is regarded as a "revertant". An arbitrary 
classification of the "revertant" colonies into small (between 
one and two mm. in diameter), medium (two to four mm.) and 
large (four mm. or more) was made after incubation of plates 
for three days. On tryptophan or tyrosine-supplemented plates 
the colonies attain a diameter of four mm. or more within 
this period. It was seen that some colonies were compact 
in appearance with dense growth whereas others were irregular 
and sparse in growth. This variation in appearance and habit 
of growth is perhaps significant and reflects variations in 
genetic nature but the feature was disregarded in the overall 
classification of reversions. 


Table VII gives the frequency of reversions which is 
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based on the number of "large" and medium" colonies only. 
The ratio of the two types after three days incubation at 
30 C was approximately 1:10 (large:medium). It is obvious 
that UA119 is relatively much more genetically unstable than 
H6191 and H3791. A better estimate of relative frequencies 
will be obtained if more rigorous experimental conditions 
and criteria are maintained and a larger number of experiments 
are performed. 

TABLE VII 

Prequency of reversionrin°phen=1 strains. 


Only the frequency of colonies exceeding two mm. 
in diameter on sorbose-minimal agar are reported. 


Number of Number of Frequency of 
Expt. Mutant Viability viable revertant reversion per 
conidia colonies 107 viable 
conidia 

1 UA119 61.00 6.10 x 10° 617 1011.4 

2 UA119 41.00 AO 3 10° 416 1014.6 

3 UA119 44.00 4.40 x 10° 73 1659.1 

4 H6196 50.25 5.02 x 10° 13 25.79 

5 H6196 37.75 3.78. x 10° 28 74.07 

6 H6196 50.00 5.00 x 10° 23 46.00 

7 H3791 47.75 4.78 x 10° ak 44.93 

8 H3791 45.25 4.52 x 10° 208 460.17 

9 H3791 61.50 6.15 x. 10° 73 118.59 
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In all cases the conidial population (107 conidia in 
1000 ml. medium) has been spread over 70 to 90 plates, except 


experiment 3 where 10° conidia were plated over 10 plates, 
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The influence of time at which data are collected is 
illustrated in Fig. 2. It can be seen that the number of 
"reversions" increases with the length of the incubation 
period. The difference in relative rates of H3791 in two 
separate experiments is very striking and illustrates the 
differences which may exist between samples of the same 
strain. As far as possible the experimental conditions were 
kept the same in all respects. 

Investigation of the genetic nature of "revertants" 
would be necessary in order to establish the relative frequency 
of true revertants (reversions at phen-1l locus) and suppressor 
mutations. The frequency of fast growing revertants is 
higher in UA119 and it may be a reflection of the inherent 
genetic instability of the phen-1 allele in this strain. 

The higher frequency of phenotypic reversions may also be a 
conseguence of the greater mutability of suppressor gene or 
genes in UA119 in comparison to those in H6196 and H3791. 

The mechanisms of suppression of the phen-1l phenotype 
can be understood only when the primary action of the mutant 
phen-l gene is known. Some of the hypotheses with respect 
to the nature of phen-1l strains are considered in the General 


Discussion. 


oe "Modified" phen-1 strains obtained from crosses of 


UA119 with H6196 and H3791. 


The crosses between UA119 and other phen-1l strains 
are interesting from the point of view that they demonstrate 


the allelic nature of the mutants. But even more interesting 
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Fig. 2. Increase in frequency of prototrophic colonies 
with increase in incubation period. *——x & o——o H6196; 
X---x & O---oO H3791. 
In each experiment 10/ conidia were plated in 


sorbose-minimal agar. Incubation at 30 C. 
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is the finding that these crosses yield quite a few "segre- 
gants" which are modified in their nutritional characteristics. 
The appearance of these "modified" phen-1l isolates was noticed 
for the first time in the analysis of a cross between UA119 
and H6196 (described earlier in section II of Results). 
The cross yielded prototrophs and auxotrophs in the ratio of 
2:1. The auxotrophic isolates were tested in minimal liguid 
medium and in liguid media supplemented with one of the 
compounds which actively promote growth of phen-1l parent 
strains (Each L-amino acid or ethyl acetoacetate was added 
at a concentration of 0.5 Jamole/ml.). Among 92 strains 
tested, two were found to be slow growing in minimal medium 
and none of the compounds had a growth promoting effect on 
these strains. In contrast to the parental strains, three 
other strains did not grow on phenylalanine. In addition 
three strains were found to grow relatively slow on leucine 
and ethyl acetoacetate media when compared with the parental 
strains and other progeny from the cross. The most interesting 
and perhaps significant strains obtained from the cross were 
the eight which grew only in the presence of leucine (referred 
to as "leucine specific" strains). It is important to note 
that these strains did not grow on any of the aromatic amino 
acids or ethyl acetoacetate. Substitution of glycerol for 
sucrose aS a carbon source did not modify the characteristic. 
As is the case with the standard wild types, growth on glycer- 
ol-supplemented medium was slower but the strains still grew 
only when provided with leucine and did not grow on other 
supplemented media. These strains are therefore different 


from the "modified" phen strains found by Newmeyer (1963). 
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Acording to Newmeyer, the "slow" phen isolates are inhibited 
in growth in phenylalanine~supplemented media containing 
sucrose as a carbon source, but the "slow" strains grow as 
rapidly as the "fast" in glycerol-medium supplemented with 
phenylalanine. However, other "modified" strains found in 
the present investigation may be sensitive to sucrose inhibi- 
& LOnn 

In the second series of crosses between UA119 and 
H6o196, a total of 194 random ascospores was isolated and 
tested for growth characteristics on minimal and other media. 
Two strains grew on minimal medium; nine strains grew slowly 
on all media though they did not grow on minimal; one strain 
did not grow on ethyl acetoacetate medium; many other segre- 
gants were noticeable for variations in response to the 
different supplements. From the point of view of the author 
the main interesting feature was that only one "leucine- 
specific" strain was found among 194 ascospores sampled. 

A total of 277 random ascospores from the two indeven- 
dent crosses between UA119 and H3791 were tested for "modified" 
strains. No "leucine-specific" strains were found, though 
many other types of variants were present. Among 190 ascospores 
isolated from the second cross only one strain grew with wild- 
type rate on minimal medium but after five days incubation 
28 strains showed a fair amount of growth; 33 others could 
be described as very leaky in comparison with the parents 
and other ascospore cultures. Since, in qualitative tests 
the amount of inoculum can not be controlled rigidly the 
apparent ability to grow in minimal medium at a reduced rate 


may not be very significant. Moreover, prolonged incubation 
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in minimal medium would have permitted selective increase 
of "revertant" nuclei. 

The occurrence of eight "modified" strains, which 
had a specific reguirement for leucine, among 92 auxotrophic 
isolates from the cross between UA119 and H6196 (see Table IV) 
suggested that these strains resulted from recombination of 
a number of parental genes. The fact that the above cross 
also yielded an unexpectedly large number of prototrophs 
(which was initially suspected to be a consequence of 
reassortment of genes) lent support to such a point of view. 
However, the seqregation of thé: closely *linked marker sex 
indicated that the prototrophic isolates were derived from 
revertant nuclei of UA119. The possibility that the 'leucine- 
specific’ strains originated as a result of recombination of 
parental genes is moreover unlikely because analysis of a 
larger population of ascospores from the repeated crosses 
between UA119 and H6196 yielded only one 'leucine-specific' 
colony (expected frequency 1.6% of the total population of 
random ascospores but observed less than 0.1%). It is there- 
fore more plausible that a high mutation rate of the modifying 
genes in one or the other parent is responsible for the 
frequent occurrence of the "modified" strains as apparent 
recombinants. Genetic analysis of the "modified" isolates 
should give information with regard to the number and location 
of these'modifier' genes. It should be pointed out that no 
'leucine-specific' strain was isolated among 277 ascospores 
tested from crosses between UA119 and H3791. This fact 
indicates the possible allele specificity of the modifying 


gene or genes concerned. 
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The term "modifier" is used to qualify a large number 
of genes whose presence becomes known only because of their 
interaction with other genes with more easily identifiable 
effects. Certain mutations in the broad category of "modifier 
genes" are recognized because they suppress the phenotypic 
expression of other genes. Suppressor mutations affecting 
genes whose nature and mode of action is well understood 
have received considerable attention and in many cases reason- 
able explanations with respect to the biochemical activity of 
"Suppressor" genes are available. However, other "modifier 
genes", .like.those present,.in nt strains .,(Haskins and Mitchell, 
1952; Newmeyer and Tatum, 1954) and those affecting the 
phen-1 phenotype are not understood because the action of 
the "major" gene is not known. 

In the case of "modified" phen-1l strains, the genetic 
and physiological mechanisms involved in their phenotypic 
expression may be significant with respect to the primary 
role of the phen-l gene. We may consider, for example, the 
"modified" strains which do not grow in phenylalanine- 
supplemented medium and a few others which grow only in the 
presence of leucine. Inhibition of growth in phenylalanine- 
supplemented medium could either be due to a constituent of 
the medium or alternatively phenylalanine does not play the 
same role in the "modified" isolates as it does in the parental 
strains. 

The strains which have an obligatory requirement for 
leucine also raise many guestions. A specific requirement 
for leucine in the "modified" strain could be due toa 


genetic block in the biosynthesis of leucine without altera- 
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an AGE 
tion of the primary action of the phen-1l gene. However, if 
the above assumption is incorrect, any hypothesis to explain 
the nature and mode of action of mutant phen-1l gene, must 
be somehow reconciled with the existence of the "modified" 


phen-1l strains. 


VInerNuteetronal) characteristics ofthe phen-1l mutants 


and their derivatives. 


Since Barratt and Ogata (1954) have given extensive 
data with regard to the nutritional characteristics of a 
phen-1 mutant (H6196) to different supplements and UA119 
was found to be similar to H6196, no detailed quantitative 
study of growth response of UA119 and the other phen-1 was 
carried out. The preliminary results obtained in the present 
study confirmed the observations of Barratt and Ogata 
(loc. cit.) with the following exceptions: 

1. phen-1l mutants were not found to grow in the 
presence of indolepyruvic acid at any concentration ina 
wide range (this finding seems important when considering the 
biochemical nature of the phen-1 mutants). 

2. On the basis of auxanographic tests Barratt and 
Ogata reported that indole promoted active growth of phen-1l 
mutants. This statement needs further qualification because 
the response of phen-1l mutants to indole was found to be 
considerably less than response to other growth promoting 
compounds. Concentrations of indole in excess of 0.25 j.moleml. 
were inhibitory, just as it has been known to be inhibitory 


in other types of tryptophan mutants which respond to indole. 
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In a typical test using stationary cultures, phen-1 mutants 
produce 40-50 mg dry matter in 72 hrs. of incubation at 
a L-tryptophan concentration of 0.25 jamole/ml. medium. 
When grown in indole medium (0.25 pmole indole/ml.) the dry 
matter produced is less than 20 mg. after 92 hrs. incubation. 

3. Phenylpyruvic acid (the (Q-keto precursor of 
phenylalanine) promotes growth of phen-1l mutants even less 
than indole. The (Q-keto precursor of tyrosine, p-hydroxy- 
phenylpyruvic acid, is less effective than phenylpyruvic acid. 

4. A combination of indole, phenylpyruvic acid and 
p-hydroxyphenylpyruvic acid, each at a concentration of 
OuVs pmole/ml., is more effective (approximately 50% more) 
than indole alone. Higher concentrations of phenylpyruvic 
acid and p-hydroxyphenylpyruvic acid are inhibitory. 

5. The (Q-keto precursor of leucine, (Q-keto- 
isocaproic acid, is inactive for growth promotion of phen-1l 


mutants when tested over a wide range of concentrations. 
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GENERAL DISCUSSION 

Discovery of a new phen-1l mutant revives interest 
in the study of the somewhat unorthodox peculiarities of these 
mutants. Possibly, the study of phen-1l mutants may have a 
wider significance with respect to the concepts of gene 
action but certainly, the consequences of mutations at 
phen-1 locus, as reflected in the nutritional characteristics 
of the mutants, warrant an extensive genetic and biochemical 
study. The most important genetic question posed by phen-1 
mutants is whether or not the mutations causing phen-1 
phenotype are restricted to a certain region within the 
functional unit (the gene). Biochemically, the obvious 
problem is to explain the nutritional characteristics of 
phen-1 mutants in enzymatic or some other molecular terms. 

Mutants at the phen-1l locus are conspicuous because 
ofttheir rare occurrence. ‘The reasons’ for the apparent 
scarcity of phen-1l mutants could be several, though the 
ability to grow in the presence of any one of a large number 
of compounds would suggest much more frequent detection of 
such mutants. 

The most obvious reason for the scarcity seems to 
be that efforts are usually directed to selection of mutations 
at a specific locus and hence the strains which are not mutant 
at that particular locus are discarded. Moreover discrimina- 
tion against the "leaky" strains may constitute a selective 
disadvantage for the phen-1 mutants. 

Selection of nutritional mutants is usually made 
with one specific compound and the number of genes affecting 


the biosynthesis of the compound will influence the frequency 
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with which a mutation at any specific locus is isolated. 
Moreover, the probability for mutations is not the same for 
aquimLocrs \Foreinstance, asmutation tat any one of six different 
loci in Neurospora creates a nutritional requirement which 
is satisfied by tryptophan, whereas auxotrophs requiring 
leucine are known to occur as a result of mutation at any 
one of five loci. Consequently the best selective compound 
for phen mutants is ethyl acetoacetate as no other mutants 
are known to respond to this compound. 

Filtration enrichment technique (Woodward, DeZeeuw 
and Srb, 1954) is most commonly employed for selection of 
nutritional mutants and the mutants which are leaky would 
probably He eliminated in this technique. The phen mutant 
UA119 was isolated by the "inositol-less death" technique 
of Lester and Gross (1961) and leaky mutants are not discrimi- 
nated against in this procedure. The mutants H6196 and H3791 
were isolated by Hungate and Mannell (1952) without the use 
of any enrichment step. 

The most interesting possibility, however, is that 
the phen locus controls a function which can be rescued by 
exogenous supply of certain compounds only when the mutation 
occurs in a specific region of the gene; mutations at other 
sites in the locus may either create no nutritional require- 
ment or their growth inhibitory effects may not be reversed 
by one or several compounds. This possibility becomes quite 
significant if a transaminase is implicated in phen mutations. 
The transaminase hypothesis is considered later in this 


discussion. 


It is difficult to propose a satisfactory hypothesis 
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i. ee 
to explain the nutritional requirements of phen-1 mutants 
because information with respect to the metabolism of relevant 
compounds in Neurospora (particularly the degradative pathways) 
is incomplete. Moreover, the specific mechanisms involved 
in the regulation of metabolic pathways in Neurospora are 
as yet not sufficiently explored. 

Barnatt et al., (1956), tested the possibility that 
mutation in phen-1l gene blocks the biosynthesis of phenylalanine 
and leucine and that exogenous phenylalanine and leucine are 
interconverted via acetoacetate. The results of this study 
showed, however, that the pathways of phenylalanine and 
leucine were not linked. It is now known that the inter- 
mediates involved in the biosynthesis of leucine are different 
from the intermediates in the biosynthetic pathways of the 
aromatic amino acids. Conseguently the models derived from 
studies of other mutants whose growth is promoted by more 
than one amino acid (see Review) cannot be applied to phen-1 
mutants. 

Barratt et al., (1956) suggested the possibility 
that the phen-1l mutants are unable to synthesize an essential 
compound, which is either very labile or exists in very 
minute amounts. The hypothetical requirement could, however, 
be synthesized by the organism by utilization of specific 
exogenous compounds. These authors found radioactive label 
from both, phenylalanine and leucine, in some ninhydrin- 
negative compounds and suggested that an investigation of 
these latter compounds may give a clue to the nature of the 
assumed essential compound. It is difficult to imagine that 


the deficiency of such a compound could be the primary effect 
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of the mutant gene. If the biosynthetic pathways of phenylala- 
nine and leucine are operating normally and the intracellular 
concentration of one or the other amino acid is adequate a 
deficiency of the hypothetical compound could hardly occur. 
In addition, such a proposed mechanism should be able to 
explain the growth-promoting ability of tryptophan, kynurenine, 
norleucine etc. 

Another possibility suggested by Barratt et al., (1956) 
considers accumulation of a growth inhibitor as a result of 
the primary metabolic block in the phen-1l strain. This 
hypothesis, however, raises a number of questions concerning 
the nature of the primary metabolic block, the nature of the 
inhibitor, the reasons for the specificity of the inhibitor 
for certain compounds and the action of the inhibitor in 
relation to the metabolism of the organism. It should be 
noted that the hypothesis does not consider the primary 
metabolic block as the cause of growth inhibition and there- 
fore regards the product or products of this reaction as 
unessential. Experimental proof for the existence of such 
an inhibitor is necessary and perhaps it may be obtained if 
the inhibitor is a stable, small molecule which is accumulated 
in the culture fluid. The inhibitor could be recognized by 
its effect on non-mutant strains provided it is not excluded 
by permeability factors. If the inhibitor remains intracellu- 
lar, however, it might not be easy to demonstrate its 
existence. Since variations of pH or the ionic composition 
of the minimal medium do not alter the auxotrophic nature 
of phen-1l mutants (Barratt and Ogata, 1954), the inhibitor, 


if it exists, is not affected by these factors. It is known 
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that amino acid analogues such as DL-norleucine and p-fluoro- 
phenylalanine promote the growth of phen-1l strains (Barratt 
and Ogata, 1954; A,Gib De Busk, personal communication). 
Since analogues can often substitute for the normal amino 
acid in many reactions and can generally inhibit the growth 
of the organism, the presence of an inhibitor in phen-1l 
mutants is not necessarily indicated. 

It seems profitable to consider the possibility that 
the activity of a transaminase is modified due to mutation 
at the phen-1l locus. A transamination reaction is the final 
step in the biosynthesis of phenylalanine, tyrosine and leucine 
and the conversion to the (-keto acid is the first step in 
the degradation of tyrosine and leucine. Degradation of 
phenylalanine can take place through its conversion to 
tyrosine or may involve its conversion to phenylpyruvic acid. 
The "transaminase hypothesis" proposes that the phen-1 
mutation causes a reduction in the biosynthesis of phenylala- 
nine, tyrosine and leucine due to modification of the 
transaminase. This modification could alter the affinity 
of the enzyme for certain amino group donors in the transami- 
nation reactions with @-keto precursors of phenylalanine, 
tryosine and leucine and consequently reduce the rate of 
synthesis of these amino acids. It may be, that in the 
phen-1 mutants an exogenous amino acid which promotes the 
growth of these strains, is preferentially utilized for the 
amination of the (Q-keto precursors of certain other amino 
acids. Since biosynthesis of tryptophan does not involve 
a transamination reaction, the ability of tryptophan to 


promote growth of phen-1l mutants may either depend on its 
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effect on the phenylalanine and tyrosine pathways or its 
role as an amino group donor in transamination reactions. 
Exogenous tryptophan may inhibit and repress the tryptophan 
pathway and lead to an increased rate of synthesis of phenyl- 
alanine and tyrosine. Kynurenine also promotes growth of 
phen-1l mutants and may be an amino group donor in transami- 
nation reactions. Wild-type Neurospora possesses a transami- 
nase which catalyzes amination of a number of (Q@-keto acids 
with kynurenine as the amino group donor (Jacoby and Bonner, 
1956). Because anthranilic acid does not stimulate growth 
of phen-1 mutants, the conversion of kynurenine to anthranilic 
acid could not be an important reaction. Indole, phenyl- 
pyruvic acid, p-hydroxyphenylpyruvic acid and other substances 
which stimulate growth of phen-1 mutants to varying extent 
are probably active due to indirect influence on the metabo- 
tism of phen=lostrains. ‘It is possible, however, that some 
of these compounds directly affect the transaminase reactions. 
Acetoacetate may be assumed to serve a regulatory function 
and act by reducing the degradation of tyrosine (phenylalanine) 
and/or leucine. It is also possible that a compound derived 
from acetoacetate, for example f-hydroxy- #-methylglutaryl 
CoA, exerts a direct influence on the metabolism of leucine. 

The inability of the @-keto precursors of phenylala- 
nine, tyrosine and leucine to promote vigorous growth of 
phen-1 mutants is the principal reason for considering the 
"transaminase hypothesis". The immediate precursor of 
leucine, (M-ketoisocaproate, does not stimulate growth at all 
and phenylpyruvic acid and p-hydroxyphenylpyruvic acid, in 


comparison to phenylalanine and tyrosine, are poor supplements 
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forgthe, growth of mutants. .Strains.of Neurospora blocked 

at an earlier step in the biosynthetic pathway of phenylala- 
nine or leucine are known to utilize the corresponding (-keto 
compound (Metzenberg and Mitchell, 1956; Regnery, 1944). It 
should be noted, however, that many isoleucine-valine mutants 
of Neurospora are known to possess the necessary transaminase 
but do not grow when provided with the ((-keto precursors of 
isoleucine and valine (Wagner et al., 1964). Therefore slow 
or no growth in the presence of a Q@-keto acid is not a 
decisive evidence in favour of the transaminase hypothesis. 

The transaminase hypothesis would have to be supported 
by investigations in 'modified' phen-1l strains. In this 
respects the Sleucine-specific"wderivativessofrphens<iemutants 
should be particularly helpful. If the altered behaviour 
Of Sagethaingis not duesto aygenetic changestngtheyphengsL 
allele, the properties of the transaminase in the 'modified' 
strain should be the same as in the parent phen-1l mutants. 

In addition, the phenotype of the 'modified' strain should 
be explicable on the basis of its other metabolic or physio- 
logical characteristics. 

Serious objections to the transaminase hypothesis 
arise due to the inability of isoleucine and valine to promote 
growth of phen-1l strains. Studies of transamination activi- 
ties in Neurospora indicate that a single enzyme catalyzes 
the transamination reactions involving phenylalanine, tyrosine, 
leucine, isoleucine and valine (Fincham and Boulter, 1956; 
Seecof and Wagner 1959a,b,). A transaminase which catalyzed 
readily transamination between phenylalanine, isoleucine, 


valine or leucine and the (@-keto analogues of the amino 


Wrueh « 


- 


stoma 


ni 


fasantea 
| (fo 
LJ 
Bei? J 
i" ; 
Si i 
J2 iu 
won 
S a 
/) fe 
asum 16 
YvOIVSEns 
f—j1 n 
Li £65067) 
2°ne8 uA 
luone nt 
ywig 26 


? 


iste omysos wloenke 6 sertt otal Ronn. 


"7 


af 


may a ta | 


ioqwl Ss26n 


Siti 


at 
ie | 


- $= 


HTOYSOIVSe to ania - 8 pe dow > 


Sa + 


a “% ’ 
io vVawiisa » i fandnvetrd orld ty 2a oe 


S132 


ba fog & 


Lev 


aovies eft sstidde 22 onnactilie 
7 

Vistoenl «d@@l ,bbestowiat ins vuednessee | ) b 

sveeLlogzi Yies Bag avo 


5950 3) Seeeadg OF BwonN ate $3090 


é 


ois enievetoes 320 von 


inYy. a ) Bebivexa eeriw) worp- pee 


~ 
te 
— 


‘mnaaat?s etd to teove?® as cout ula 


- 5 
~~ ¥ 
" #) 
> 

= 


re 
o "8 


< 


18 t¢ 290p8W) seitev bas of sued 


_ ~. 


a i 
oyst- s te eoneaetg eafs ak Adenine 


A toy east insensts on? « ¢ 
14 (anedy ‘Bebtebom' ai snotsspisee oni 
aviteb "o¥tosgs-saisuel® 99:39 9c may 


i 4 


= 


‘is srt 27 .fudqied yireiuoizisg ad & Iuorh 


Spiers SlJenep a os eub Jon ai. sx 


esr inesnet? sit to aol atomtnnen 


jnsisq end af Be 


om Jen to a3 | 20 ziegad 


ifimenesid sit oF eBooks do 


Tan iieantats to seabuse eanisy: 


Le, 


oniiasisivveriq. pniviewnd efic 


Is T6d bag aster) ead. 


hogy listen do law SeRULNGATETS A. a6 


Siinpelod? \.on ins i may varie 
ive 


See 2 
acids, was partially purified by Seecof and Wagner (1959a,b). 
It is interesting to note that this transaminase had an 
extremely high affinity for phenylpyruvate. The preparation 
readily transaminated M-ketoglutarate with phenylalanine 
as an amino group donor but the reaction between glutamate 
and phenylpyruvate was extremely slow. If a single transami- 
nase catalyzes reactions involving phenylalanine, tryosine, 
leucine, isoleucine and valine, then the hypothesis requires 
that isoleucine and valine be ineffective as amino group 
donors for amination of one or all M-keto precursors of 
leucine, phenylalanine and tyrosine. 

Investigation of the mechanism involved in the 
inhibition of phen-1l strains, when arginine or lysine is 
present in the medium, may be useful. Most often the cause 
of inhibition of a mutant strain is the inadequate uptake of 
the essential nutrient due to the presence of certain other 
compounds. For example, a tryptophan-requiring mutant of 
Neurospora was inhibited by fourteen different amino acids 
and phenylalanine, leucine, methionine, tyrosine and nor- 
leucine were the most effective inhibitors (Brockman, 1964). 
It is interesting to note that arginine and lysine have been 
found to be non-inhibitory for mutants requiring an aromatic 
amino acid and the phen-1l mutants are distinctive in this 
respect. If inhibition is not due to permeability factors, 
the phenomenon may have significance with respect to the 
primary effect of the phen-l mutant gene. 

It is reasonable to consider that properties of the 
transaminase would be modified due to certain mutations. 


Mutations could also cause a complete loss of the enzyme 
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activity but the consequences might be irreparable. Since 
there is no information about genetic control of transami- 
nases in Neurospora, it is perhaps more attractive to postu- 
late that certain mutations in the phen-l gene cause produc- 
tion of altered enzyme molecules which are functional under 
certain intracellular conditions. A knowledge of the composi- 
tion and other characteristics of the so called "pool" of 
free amino acids and (M-keto acids would be particularly 
useful in an experimental evaluation of the transaminase 
hypothesis. The properties of the enzyme and the character- 
istics of the "pool" would determine the in vivo role of the 
transaminase. 

The basic source of amino groups in Neurospora crassa 
is glutamate which is synthesized from Q-ketoglutarate 
and ammonium ions by glutamic dehydrogenases. While glutamate 
undoubtedly plays a central role in the amino acid metabolism 
of the organism and is generally present in high concentra- 
tions in the mycelium, it may not be utilized for certain 
transamination reactions to the same extent as for some 
others. 

Phen-1 mutants highlight the need for studies of 
phenylalanine, tyrosine and leucine metabolism in Neurospora, 
Particularly in’ relation to acetoacetate. It need not be 
emphasized that a knowledge of the endogenous synthesis and 
fate of the aromatic and the branched-chain amino acids and 
specially the related M-keto acids would be essential if 
the phen-1 mutants are to be understood. The hypothesis 
that certain mutations in the phen-1 locus result in alter- 


ations of the properties of a transaminase with the consequent 
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nutritional characteristics, seems to be plausible in spite 

of numerous difficulties at present. It is amenable to 
experimental evaluation and in any case, studies based on 

this hypothesis should lead to a better understanding of 

the unorthodox behaviour of phen-1 mutants. A trivial outcome 
of these studies is likely to be a more appropriate designa- 
tion for the mutants because "phen" is certainly inadequate 


and rather misleading. 
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SUMMARY AND CONCLUSIONS 
wi A new phen-1l mutant has been discovered as a result 
of genetic analysis of the strain UA119. The strain was 
isolated as a tryptophan-requiring auxotroph and was earlier 
reported to be a tryp-3 (td) mutant. Close linkage to the 
sex locus and very low frequency of prototrophs in large 
populations of ascospores from crosses between UA119 and 
two previously described phen-1 mutants, establish UA119 
as a phen-1 mutant. 
Be The frequency of apparent recombinants (prototrophs) 
in "inter-allelic" phen-1l crosses varies between 0 and 0.015% 
total random ascospores. The variation is believed to be, 
aGrleast parely Pdue Go the "genétic instdabi lity of pren-1 
mutants, particularly UA119. 
3 The frequency of phenotypic reversions in UA119 
(approx. 10/10 viable conidia; only colonies 2 mm. or more 
in diameter counted; sorbose-agar medium; incubation 3 days 
at 30 C) is significantly higher than in the other phen-1 
mutants, H6196 and H3791 (the range in the latter two was 
between 0.26 and 4.60 per 10° viable conidia). The "large" 
prototrophs (4 mm. or more) are approximately 10% of total 
revertants. 
4. Probably mutations at the phen-] locus as well as 
other "suppressor" mutations are responsible for the pheno- 
typic reversions. The high frequency of reversions in UA119 
may be due to the specific phen-1l allele and the genetic 
background. 
ae The viability of conidia of phen-1l mutants on 


L-tryptophan- or L-tyrosine-supplemented medium (sorbose-agar) 
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varies between 40 - 60%. However, the media supplemented 
with L-phenylalanine, L-léucine or ethyl acetoacetate 
reduce the viability to 20% or less. The physiologic effects 
of sorbose may be involved in the reduction of viability in 
the presence of the latter compounds. 
Ss The*viabulity .of ascosporeswfromm" inter-allelic! 
crosses is very low (approx. 15-20%) and prototrophs and 
"modified" strains are frequent among the progeny. Prototrophy 
appears to enhance the viability of ascospores. 
hee "Modified" isolates are recognized by their inability 
to grow on minimal medium and media supplemented with any 
one compound which promote growth of the parental phen-1l 
strains. The "phenylalanine-negative" and "leucine-specific" 
Strains (the former do not grow in phenylalanine-supplemented 
medium and the latter have a specific requirement for leucine) 
are particularly interesting. The genetic and biochemical 
aspects of the "modified" strains remains to be investigated. 
8. The reasons for the apparent scarcity of phen-1 
mutants are discussed. It is suggested that ethyl acetoace- 
tate is the best selective compound for phen-1 mutants. 
25 Various hypotheses proposed to explain the nutri- 
tional characteristics of the phen-1l mutants are discussed. 
A new hypothesis is suggested which postulates that certain 
mutations at the phen-1 locus lead to an altered transaminase. 
The altered enzyme is unable to catalyze transamination 
reactions involved in the biosynthetic and other metabolic 
pathways of phenylalanine, tyrosine and leucine. The 
hypothesis is attractive because it is relatively more amen- 


able to experimental tests. 
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